ABSTRACT: Two 120-d trials (May to September, 1988 and 
Introduction
Tall fescue (Festuca arundinacea Shreb.) is an important cool-season grass for cow-calf producers and occupies 12 to 14 million ha across the United ~ 'Contribution no. 11,343 of the Missouri Agric. Exp. Sta. The authors are grateful to M. R. Ellersieck for statistical consultation.
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J. Anim. Sci. 1992 Sci. . 70:1550 Sci. -1561 States (Siege1 et al., 1984) . Inadequate performance by cattle grazing tall fescue has been apparent since the decade of 1940 (Pratt and Haynes, 1950) ; numerous reports describing poor performance have been published (Jacobson et al., 1970; Schmidt et al., 1982; Read and Camp, 1986) . Infection of tall fescue by the endophytic fungus Acrernoniurn coenphialurn (Morgan-Jones and Gams, 1982) is thought responsible for reduced animal performance. Ergopeptide alkaloids, particularly ergovaline, associated with A. coenophialuna have been implicated as the causative agent of fescue toxicosis (Lyons et al., 1986;  Belesky et al., 1988; Hannah et al., 1990) . Generally, no differences in forage quality or digestibility have been reported between fungus-infected and fungus-free tall fescue (Bush and Burrus, 1988) . Much of the beef research to date has been conducted with steers or heifers; limited cow-calf data are available (Stuedemann and Hoveland, 19881 . The objectives of our 2-yr study were to quantify changes in the productivity of cow-calf pairs when they were grazing endophyte fungus-infected tall fescue, endophyte fungus-free tall fescue, or orchardgrass pastures and to ascertain whether productivity differences resulted from changes in forage availability, intake, digestibility, and(or1 ergovaline consumption.
Experimental Procedures
General. Two 120-d summer grazing trials were conducted at the University of Missouri Beef Research Farm (Columbia) during 1988 and 1989. Trials began the first 2 wk of May and ended the first 2 wk of September. Pasture soil types were predominately Mexico (fine, montmorillonitic, mesic, Udollic Ochraqualfl and Gara (fine-loamy, mixed, mesic, Mollic HapludalD loam and silt loam with slopes from 2 to 9%. Three pasture treatments were compared: 1) endophyte fungus-(A. coenophialurn) infected Kentucky-31 tall fescue (Festuca arundinacea Shreb.; KY-311, 2) endophyte fungus-free Mozark tall fescue (Festuca arundinacea Mozark; MOZARKI, and 3) Hallmark orchardgrass (Dactylis glornerata; OG). Mozark is a n endophyte-free variety of tall fescue developed at the University of Missouri. Sixteenhectare treatment pastures were subdivided into four 4-ha paddocks. Each replicate within treatment (two replicates per treatment) grazed one 4-ha paddock in a 14-d rotation, whereas the other two 4-ha paddocks remained ungrazed for 14 d (Figure 1 ). Each animal replicate grazed all paddocks within treatment as the trial progressed. Stocking rate was maintained at one pair per hectare. All pastures were mechanically clipped during late June each year to a height of approximately 45 cm to remove stems and seedheads.
The MOZARK and OG pastures were established after herbicide (Roundup@, Monsanto, St. Louis, M01 treatment of KY-31 pastures during the fall of 1985. All pastures received N (45 kg/ha) during September 1987 and 1988 and a n additional 67 kg/ha during April 1988 and 1989. The KY-31 pasture was a n established stand that was determined to have > 85% endophyte fungus infection as determined by a n enzyme-linked immunosorbent staining assay.
Environmental conditions for both years are described in (Hemken et al., 1981) .
Animals. Each year, Angus and Simmental x A n g u s cows (n = 48 each year; Table 2) nursing Angus or Simmental-sired calves were selected for uniformity from a group of approximately 60 pairs. Pairs were stratified by cow BW, breed, age, and calf sex to six outcome groups (n = eight pairs per group). Groups were assigned randomly to pasture treatments. Before starting trials, cows were maintained on corn silage, followed by tall fescue hay, and were calved in a common pasture. Average calf age was 50 d at trial initiation. Approximately June 1 each year, calves were vaccinated against leptospirosis, infectious bovine rhinotracheitis, parainfluenza 3 and Clostridium spp. and administered an anthelmentic (Safe-Guard@, HoechstRoussel Agrivet, Somerville, NJI. Free access to water, shade, and a trace mineral salt mix was provided to all pairs for the duration of the trials.
Performance Data. At trial initiation, two BW measurements were obtained 7 d apart, averaged, and recorded as initial BW for cows and calves. Cows and calves were weighed every 28 d throughout the trial. Except for initial BW, all BW measurements were determined after 12-h removal from forage and water. Initial cow BW were determined as full BW and subsequently adjusted by a 4 % shrink. Final calf BW were adjusted to a 205-d weaning weight (ADJ205) using procedures outlined by BIF (1981) .
Estimates of cow milk production were obtained every 28 d by a 12-h weigh-suckle-weigh procedure (Corah et al., 1975) . Before each weigh day, calves were removed from cows at 1800. On the following morning (06001, calves were weighed, allowed to periods of high ambient temperature and humidity (greater than 30" C and 50% relative humidity). The CS was based on a 9-point scale (1 = emaciated; 9 = extremely obese; Wagner et al., 19881 , whereas HS and RS were based on 5-point scales (1 = shaggy hair coat and open-mouth breathing; 5 = slick hair coat and no apparent respiratory stress) developed at the University of Missouri (Belew et al., 1989) . Hip-height measurements were obtained during August of each year and subsequently used to determine weight-to-height ratios (WT:HT) as an indicator of body condition status (Laurenz et al., 1988) .
In both years, cows were artificially inseminated during a 42-d period, after which a yearling Simmental bull was placed in each pasture for an additional 42 d. The breeding period began during the 3rd wk of the trial each year. Pregnancy determinations were made via rectal palpation 56 d after trial completion.
Blood. Blood samples were obtained via jugular venipuncture concurrent with 28-d BW determinations of June, July, and August during 1988 only. After collection, blood was stored on ice, centrifuged at 3,000 x g and 4"C, and serum was e,fMeans in a row within a year that do not have a common superscript differ (P < .05).
harvested and stored a t -20°C. Serum samples were analyzed for methyl esters of free fatty acids (FFA; AOAC, 1984) . Total FFA included the sum of the individual FFA C14, Cl6, C16:1, C18, C18:1, C18:2, C18:3, C20, C20:4, and C22. Forage Sampling. During June and August collection periods, pastures were sampled by both mechanical clipping and collection of esophageal masticate. Eight random, 30-cm x 490-cm sections were mechanically clipped in each 4-ha paddock where pairs concurrently grazed. Clipped samples were composited, weighed, subsampled, and dried at 55°C for 48 h in a forced-air oven to determine DM (AOAC, 1984) . From these data, forage availabilities were calculated and expressed as kilograms of forage DM per hectare. Esophageally fistulated animals were used to obtain samples representative of forage consumed. Six Hereford steers (1988) or six crossbred Hereford heifers (19891 were used to sample pastures concurrent with mechanical clipping. Animals were maintained on endophyte-infected tall fescue pasture between collection periods and fasted 6 h before collection. Two animals, fitted with screen-wirebottomed collection bags, were allowed to graze for 1 h in each 4-ha paddock that was concurrently grazed by cow-calf pairs. Collected masticate samples were composited across animals within treatment pasture, frozen at -15" C, lyophilized, and subsequently used to determine in vitro OM digestibilities and ergovaline concentrations. Ergovaline was not determined on OG masticate.
Intake and Digestibility. During the 1st wk of June and August 1988 and the 2nd wk of June and August 1989, cows from one replicate from each treatment (eight cows per replicate) were dosed individually with 100 g of chromium sesquoxide: corn gluten feed pellets (20% Cr203). Cows were penned in individual stanchions and offered pellets each morning at 0600 for 12 d. Cows remained penned until all pellets were consumed, typically < 1 h each morning. Collection of fecal samples commenced on d 8 and continued until d 12. Fecal samples were collected twice daily, a t the time of dosing and approximately 12 h later. The eight collections per cow were composited and a 10% subsample was saved for further analyses.
Laboratory Analyses. Extrusa and fecal samples were ground to pass a 2-mm Wiley mill screen and analyzed for DM and ash (AOAC, 1984) . To determine fecal output, chromium pellets and fecal samples were analyzed for Cr content (Hill and Anderson, 19581 using atomic absorption spectroscopy with an air-plus-acetylene flame.
Using extrusa samples collected when fecal output determinations were made, in vitro OM digestibilities were measured using the two-stage procedure of Tilley and Terry (19631, as modified by Moore (1970) and Harris (1970) . Ruminal fluid inoculum for the in vitro procedure was obtained from two ruminally fistulated steers maintained on a 100% alfalfa hay diet.
Lyophilized extrusa samples were stored under refrigeration to minimize ergovaline degradation. Determinations of ergovaline concentrations were made on KY-31 and MOZARK extrusa using a HPLC procedure described by Rottinghaus and Garner (1989) .
Statistical Analyses. Forage data were analyzed by one-way ANOVA. Main effects included pasture treatment, month, year, and all possible interactions. Animal was the experimental unit for intake determinations, whereas paddock was the experimental unit for forage availability and digestibility determinations. Means were separated using Fisher's protected lsd test at the 10% level (Steel and Torrie, 1980) . Ergovaline concentrations and ergovaline intakes were not compared statistically because each data value represented, or was calculated from, a single observation.
All performance data were analyzed using splitplot ANOVA with the repeated measure represented by each 28-d BW (Gill and Hafs, 19711. Cow within treatment x year was used as the error term for treatment and treatment x year comparisons. Means were separated using Fisher's protected (1 0% level) lsd test for a split-plot design (Steel and Torrie, 19801. Determinations of linear, quadratic, and cubic responses over time were made for each treatment; orthogonal comparisons among treatments were determined using a single df F-test (Snedecor and Cochran, 1980) . All cubic responses and comparisons were nonsignificant (P > .lo) and are not presented. For cow BW, calf BW, and milk consumption, the probability value associated with a linear and(or1 quadratic response is presented. Additionally, comparisons were made between the linear and quadratic functions among treatments and the associated probability value presented. Analyses were performed using the GLM procedure of SAS (1985) .
Results and Discussion
Forage Availability. Forage availability (kilograms of forage DM per hectare) is presented in Table 3 . Cooler, wetter weather in 1989 (Table 1) allowed forage availability to decline less rapidly throughout the grazing season than in 1988. As expected, the greatest amount of forage available was during June, and availability declined as the grazing season progressed. Within each year, no differences ( P > .lo) in forage availability were measured among treatments for each sampling period; however, more (P c .051 forage was available during 1989 than during 1988. (Figure 21 . Hemken et al. (1981) demonstrated a n interaction between environmental conditions and the severity of fescue toxicosis. More recently, Hannah et al. (1990) induced fescue toxicosis experimentally in sheep at a controlled temperature of 32" C, but symptoms did not appear at 23°C. These studies demonstrate the impact of environmental temperature on the severity of fescue toxicosis, especially decreased intake. Our research confirms earlier findings because intakes were not decreased when environmental temperature was consistently c 32" C. (Table 3) . Belesky et al. (1988) reported a similar pattern of ergovaline concentrations associated with endophyte fungus-infected Ken- (Table 11 during July and August 1989 favored less BW loss than during July and August 1988 because of a slower reduction in forage availability and OM digestibility (Table 3) . Changes in cow BW agree with other reports of increased BW loss or slower gains by cows grazing fungus-infected fescue compared with fungus-free tall fescue or other cool-season grasses. Seath et al. (1956) reported that BW loss by dairy cows fed tall fescue was .70 kg/d, compared with .05 kg/d for cows fed orchardgrass. In two 8-wk trials over consecutive years, Strahan et al. (1987) monitored BW changes when cows consumed fungus-infected or fungus-free tall fescue. Weight loss averaged 35 kg more when cows consumed endophyte-infected compared with endophyte-free tall fescue for the 2-yr study. Angus cows fed 9 1 'YO endophyte-infected tall fescue seed lost more BW (P e .05) than did cows pair-fed endophyte-free tall fescue seed (Mizinga et al., 1990) . Similar results also were reported by Garrigus et al. (1975) .
Using rectal palpation, we observed pregnancy rates of 72% for cows grazing KY-31, 9 1% for cows grazing MOZARK, and 75% for cows grazing OG. Pregnancy rates were not the focus of data collection in our study and, therefore, were not compared statistically. The number of cows per treatment was inadequate to provide conclusive evidence regarding effects of treatments on conception rates. However, other researchers have reported that pregnancy rates were 30 to 46 percentage units lower for cows grazing tall fescue (Smith et al., 19751 or highly endophyte fungusinfected tall fescue (Gay et al., 19881 than for cows grazing low-endophyte tall fescue, endophyte fungus-free tall fescue, or other cool-season grasses. The low pregnancy rate (75%) observed for cows grazing OG in the present study was not consistent with previous research (Smith et al., 19751. Daily milk consumption by calves that nursed cows grazing KY-31 was 25% lower (P < .05) than that by calves nursing cows that grazed either MOZARK or OG (6.0 vs average of 8.0 kg/d respectively; Table 4 ). Cows grazing produced less (P e .02) milk than did cows grazing MOZARK or OG at each weigh-suckle-weigh determination in both years, except during August 1989 (Figure 3) . Milk production by cows from either MOZARK or OG treatments did not differ. These data confirm previous reports with dairy cows that showed that consumption of tall fescue decreased milk production (Pratt and Haynes, 1950; Seath et al., 1956 ). Research with low-endophyte varieties indicated greater milk production compared with highly endophyte-infected tall fescue (Hemken et 12: 1 1 -10.
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al., Siege1 et al., 1985; Baxter et al., 1986) . Smith et al. (1975) reported that 24-h milk production by Polled Hereford cows grazing orchardgrass was 6.9 kg but was reduced to 4.1 kg when tall fescue was grazed. In another study, milk production was 75% greater for beef cows grazing lowendophyte tall fescue than for cows grazing highendophyte fescue pastures (Schmidt et al. 1984) . Ashley et al. (1987) reported that milk production by Angus x Hereford cows was lower (P e .05) during midsummer when cows grazed highly endophyte-infected tall fescue pastures compared with endophyte-free tall fescue. Conversely, in the 2nd yr of the same study, Keltner et al., (1988) reported no differences in milk production across varying levels of endophyte infection of tall fescue pastures. The tall fescue pastures used by Ashley et al. (1987) and Keltner et al. (1988) were interseeded with clover. This may contribute to the dissimilar results between our study and those of Keltner et al. (1988) in terms of milk production. -(luadratlcHowever, Mizinga et al. (1990) found that milk production did not differ when Angus cows were pair-fed fungus-free or infected tall fescue seed. Milk production by beef cows accounts for approximately 66% of the variance in calf weaning weight (Neville, 1962; Rutledge et al., 1971) . Calf daily gains and adjusted 205-d weaning weights were lower (P e .05) for calves from the KY-31 treatment than for calves from either MOZARK or OG treatments ( Table 4) . As expected, calf BW were heavier (P e .01) each succeeding weigh period for all treatments during both years ( Figure  4) ; however, calves nursing dams that grazed KY-31 gained less (P e .01) BW during May in both years than did calves nursing dams grazing either MOZARK or OG. Smith et al. (1975) reported that ADG by calves nursing dams grazing orchardgrass or tall fescue were .80 and .58 kg/d, respectively. With A. coenophialurn infestation levels of 0, 15, 30, 45, 60, and 8O%, Ashley et al. (1987) levels of endophyte infection of tall fescue pastures. In the 2nd yr of the same study, Keltner et al. (1988) reported that ADG was .20 kg/d greater and weaning weight was 13% heavier for calves that grazed endophyte-free tall fescue than for calves that grazed 80% endophyte-infected tall fescue pastures. However, as previously indicated, the pastures used in this study were interseeded with clover. Even though our pastures were not interseeded with legume, calf performance was similar between the studies. Gay et al. (1988) also reported that calf ADG was greater for low (.78 than in cows grazing MOZARK or OG pastures (Table 5) . By August, serum FFA did not differ (P > .72) among treatments. These data suggest that cows grazing were mobilizing more body fat stores early in the grazing season than were cows grazing the other two treatments. These results correspond with the large difference in BW change measured early in the grazing season. respiratory stress (lower RSI than were cows that grazed MOZARK or OG. These data agree with other reports of less desirable CS (Smith et al., 1975; Bone et al., 19841, HS (Steen et al., 1979; Hoveland et al., 19831 , and RS (Jacobson et al., 1970; Hemken et al., 1981; Jackson et al., 1984) when beef cattle consumed endophyte-infected tall fescue. Gay et al. (1988) suggested that one reason for decreased cow and calf performance when grazing endophyte-infected tall fescue was decreased forage intake by cows, although direct estimates of forage intake were not made. Results from our study do not support the conclusion that reduced performance was primarily a result of decreased forage intake. Changes in BW of cows grazing KY-31 during the first 30 d of the trial were not explained by differences in forage intake during June of either year. Also, signs of fescue toxicosis were not apparent during this time; however, cow BW loss and FFA mobilization were greater for cows that grazed KY-31 than for cows that grazed MOZARK or OG. Additionally, milk production by cows grazing KY-31 was consistently less than that by cows on other treatments, even though forage intakes were similar.
Relative to endophyte-infected tall fescue, reduced performance (greater cow BW loss, slower calf BW gain, and decreased milk production) and greater severity of signs of summer syndrome described previously agree with the results of other research. Nonetheless, the magnitude of cow BW loss, especially by cows grazing KY-31 during the first 30 d of the trial, cannot be explained by differences in June forage intakes. Additionally, milk production by cows grazing was consistently lower, although forage intakes parallelled intakes by cows grazing MOZARK and OG. Zanzalari et al. (1988) suggested that BW loss when consuming endophyte-infected tall fescue could occur as a result of a decrease in net energy production (ATP). It was hypothesized that hepatic mixed-function oxidase system (MFO) was induced by dietary alkaloids and that energy used to drive this system was wasted, possibly expended as heat. The MFO system does not couple phosphorylation with oxidation, and no ATP is formed. Although cows grazing KY-31 were consuming forage in amounts equal to that consumed by cows in the other two treatments, it is possible that induction of the MFO system by ergopeptide alkaloids, such as ergovaline, resulted in energy expenditure for nonproductive functions (i.e., heat).
Ergopeptide alkaloids are known to have potent catecholaminergic properties and cause severe peripheral vasoconstriction (Rhodes et al., 1989) . This increases heat retention and, through resul-tant hyperthermia, the signs of summer syndrome are accentuated. We propose that during times of environmental stress (high temperature and humidity), intake is altered by the presence of the endophytic fungus and, more specifically, by catecholaminergic effects from alkaloids (ergovaline). However, during periods of minimal environmental stress, reduced performance is still apparent despite the fact that decreases in intake and(or1 digestibility are not measurable. Alterations in nutrient metabolism by ergopeptide alkaloids, particularly ergovaline, are suspected.
Implications
Our research reaffirms the important interaction between environmental conditions and fescue toxicosis. Intake and digestibility were not always altered as a result of endophyte fungus infection of tall fescue, although performance was decreased. Level of intake of ergopeptide alkaloids, particularly ergovaline, might provide a n index of the potential severity of fescue toxicosis. The decreased productivity by cows and calves in our study reiterates the problems associated with consumption of endophyte-infected tall fescue. Decreased performance may not solely be caused by decreased forage intake, but also by problems associated with altered efficiency of nutrient utilization.
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